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INTRODUCTION 
In the studies of various procedures designed for・the revascularization of 
myocardium, experimental researches .have been carried out usually on normal hearts 
or on the hearts whose main branch of the coronary artery wa,s ligated.20>26> How-
ever, inter-and extra-coronary collatral circulation cteveloping in the normal heart 
differs possibly from that in the ishemic heart, 13'14>3> and ~he acute infarction 
induced b~· the one-stage ligature of the coronary artery is by no means the rnme 
as coronar~－ insufficiency in human beings. It叩emsto be quite illogical to m:e the 
experi!nental results on normal hearts in order to comprehend tl~e di;:ca;:c in human 
beings. 
For the purpose of producing experimental coronary insu古ic.iency, many inves-
tigato_rs desired to get practical metho,ds for the gradual narrowing of the coronarJ’ 
artery. Of aorta and other larger arteries, successful devices for οccluding graduall~· ， 
so as句 allowthe collaterals to develop, were reported by ~·c\'eral investigators.・15> 
JO) ])21）即日） c【mcerningthe cormザry arterγ，hmγe¥'cr, noteworthy contribution had 
been scanty for a long time because of its anatomical particularities. The coronary 
arteries are too small to be tret:l.ted with the methods for larger arteries. Moreover, 
the situation of the arter~＇ on the surface of the pulsating heart precludes intricate 
hancllings and equipages. 
The following are the ¥vorks for the gradual narrowing of the coronary artcries 
reported up to this time. 
BLuM,6> TttoRITON and their co-workers41> devised a screw clamp, and pHELPS35> 
another type of clamp self-acting through osmosis. NEUMANN and his asrnciates32> 
w used stainless steel clip which was held open by absorbahle catgut. LITVAK and 
his a甲ociates13> 2~＞ adopted c~·lindrical h~·groscopic casein plastic. Contran’to theE:e 
external compression methods, GAGE15'16> succeeded in coroni:tr~· artery occlusion using 
the thrombogenesis of magnesium alloy. 
Though the above-mentioned methods have their respective advantages, ~・et
they are far from ideal, regarding the ability to reproduce the coronar：－ア insufficency
of human beings. 
This report will describe a new and useful method for・thegradual narrowing 
of the coronary arteries, utilizing dicetyl phosphate in a quite unique way. 
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DICETYL PHOSPHATE AND ITS BIOLOGICAL PROPERTIES 
Since the conspicuous biological action of pol；－’thene-type of cellophane was 
discovered by pAGE,33> who described it to be fibroblastic, and since the action of 
the cellophane was f0tmd to be exerted bJ’dicetyl phosphate, the cellophane or 
dicetyl phosphate has been used in the projects of the gradual narrowing of the 
various l~minal organs in anticipation of the cicatricial shrinkage.1>2>3>3o>45> Considering 
the communicated fibroblastic properties of polJ.ァtheneor dicetyl phosphate, it was 
quite natural that several investigators3>32>42> used these materials for the gradual 
occlusion of the coronary arteries. 
However, the experimental results with these materials seemed to have fallen 
short of their expectations, that is, the narrowing of the coronarJ’arteries was not 
gained, or even if gained, was unreliable presumably owing to its simple wrapping 
of the arteries. 
For the purpose of reinvestigating the biological properties of dicetyl phosohate, 
animal experiments were undertaken by using dogs and rabbits. The compound was 
synthesized in our laboratory with the help of Prof. S. KuN1c1王IKAand Dr. S. OKA 
of the Institute for Chemical Research, Kyoto University. 
As a result of our experiments, it was confirmed that the biological propertyι 
of dicetyl phosphate was rather granuloma-producing than fibroblastic. When a ~~ 
strip of spongel containing dicetyl phosphate was inserted into the tissues of dogs 、
or rabbits, wandering cells accumulated gradually around the crystals of dicet什
phosphate. Eventually, the accumulation of wandering cells became an enormous, 
elastic hard granuloma about 3 weeks later (Fig. 1 a). However, its main cellular 
constituent was macrophages (Fig. 2) instead of fibroc;-・tes or collagenous fibres, 





Granuloma produced by DCPS 
around right femoral artery of 
rabit.×4 hematoxylin and eosin 
stain. 
b 
Limited cellular infiltration a-
round left femoral artery of same 
rabit, wrapped by simple spon-
gel. x 4 hematoxylin and eosin 
stain. 
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maintained for about 3 months ・with little changes in its volume and consistency, 
began to be absorbed slowly, and became a meagre scar tissue 6 months later. 
The simple spongel which was used出 thesustaining substance produced no 
gnnuloma but limited cellular infil-
tratio:1 (Fig. 1 b). 
After these preliminaryァexperim-
entf:, it was concluded that dicetyl 
pho::,phate was not useful for occluding 
the artery so long as cicatricial shrink-
age was aimed at. 
In the following experiments, there 
-fore, dicetyl phosphate was used by 
reason of its granuloma-producing 
property with a device for multiply-
ing the expansile power of the growing 
granuloma to compress the coronary 
arteries. 
Fig. 2 Macrophages accumulating around di-
cetyl phosphate crystals which are seen 
as white leaflets. x 400 hematoxylin 
and eosin stain. 
EXPERIMENT AL METHOD 
Preparation of Dicetyl Phosphate Spongel 
According to the description of BERNAN,3J dicetyl phosphate (DCP) was synthe-
sized from cetyl alcohol and phosphorus pentoxide under the anhydrous condition 
and purified by several recrystallizations by using ethanol acetone and ethanol. The 
resulting dicetyl phosphate is a white powder, insoluble in water but soluble in hot 
ethanol, the melting point being 72.0 to 72.5 degrees. 
In order to prepare dicetyl phosphate spongel (DCPS), 0.5 gm. of DCP was 
dissolved in 12 ml. of ethanol by heating, and the resulting solution was poured 
di古uselyinto 10 ml. of spongel (gelatine sponge manufactured by YAMANoucm Co. 
Japan). The spongel, soaked with ethanol solution of DCP, was kept in a 
desicator for several days to evaporate the ethanol. After that, DCP was recrystal-
lized diffusely throughout the 叩ongel. Every process mentioned above ¥vas done 
under the aseptic condition. 
As the result of comparative experiments with various amounts of the content 
of DCP, it was demonstrated that the spongel containing 0.05 gm. of DCP per ml. 
was the most e百ective. Consequently, every DCPS used in the following experi-
ments was the one which contained such amount of DCP. 
Healthy adult mongrel dogs were anesthetized with the intravenous administ-
ration of thiopental soclium so that the wink reflex might scarcely remain. The 
animals were intubated, and a left thoracotomy was performed in the fourth 
intercostal space. Respiration was maintained by the intermittent positi＼ァepressure 
breathing by using the room air. 
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The pericardium was incised anterior to the phrenic nerve. The proximal part 
of the anterior descending branch of the left coronary artery was isolated from the 
surrounding tissues at two sites each 5 to 7 mm. apart from other. Two pieces of 
stainless steel wire, 0.2 mm. in diameter, were passed beneath the artery at both 
sites (Fig. 3 a). DCPS, 10 by 8 mm. in area, 5 mm. in thickness, soaked in 
saline solution and flattened by finger press, was placed upon the vessel. An alu-
mnium plate, as large as the DCPS, pierced by several holes, was overlapped on the 
spongel (Fig. 3 b). Thereafter, each end of the wire was drawn up through the 
spongel and the corresponding holes of the aluminium plate, and tied with each 
other to make a loop (Fig. 3 c and d). The resulting two loops of stainless steel 
ca) ( b ),
Aluminium olaもe一ー
( c ), ( d ), 
Fig. 3 Technique for application of DCPS. 
a) Stainless stel wire is passed beneath coronary artery at two sites. 
b) Each end of the wire is drawn up through DCPS and corresponding holes of aluminium plate. 
c) Ends of wire、aretied with each other tightly 01・er probe held parallel to artery. 
d) Probe taken away. Loops of w廿ebecome able to surround artery just suficiently. 
wire, each 5 to 7 mm. apart from the other, came to be equipped with an alu-
minium plate and contain the artery and the DCPS within them. At the time of 
making the loops, it was advantageous to hold a probe as big as the artery parallel 
to the vessel in order to avoid the artery being occluded at the first step (Fig. 3 
c). Immediately after the wires were tied tightly over the probe, the probe was 
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taken awa:;. Thus the loops of wire were able to surround the artery just 
sufficientl~· (Fig. 4). 
Fig. 4 a-b. Photograph of cross section of specimen, showing coronary artery flattened 
beneath 、veldeveloped granuloma. 
仁メua ll~ · two loops were made in a procedure. 
In the majority, the procedure was executed with the anterior descending IJr加 1ch,
but in 3 cases with the circumflex: branch and in the other 3 both with the 
anterior descending and circumflex. 
The pericardium was loosely approximated with several interrupted sutures, 
and the chest was close〔l routine ！~ · after the reinflation of the lung. Penicillin 
wa出 injededintramuseularily in order to prevent postoperatiYe infection. 
Comparative Experiment日
For comparati,・e studies. two experiments were performed as follows. 
1) To examine the m日picioushoisting e百ectof the spongel, which was the 
sustaining sub只tanceof DCI', a 日imple spongel wa日 usedin place of DCPS under 
the same operative procedures and postoperative folio＼＼」ups.
2) To examine the influences of mechanical injuries due to the operative 
procedures upon myocardial electricity, the anterior descending branch wa日 dissected
in the same manner as was previously described, then the pericardium and chest 
were closecl ＂’ithout further manipulations. Postoperative electrocardiographic trac-
ings were taken equal!.¥・. 
Investigations were carried out from the following points of view. 
1) Electrocardiographic im・cstigations : Serial electrocardio広raphic tracings 
were taken without anesthesia evc1・3’2to 3 days during the first 10 da>・s and ever≫ 
5 to 7 da~·s thereafter. The animals were placed prone！γon a sheet of canvas 
which had 4 holes to !iring out their legs and fix them. In this wa~＇. the posture 
at tracing could be maintained in the same physiologic position ever≫ time. The 
electrodes wet℃ inserted subcutaneously at the proximal portion of 4 limbs. These 
actions were done without difficulty川’trainingthe animals. 
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2) Anoxemia tests : Anoxemia tests were carried out 32 to 53 days after 
the operation under general anesthesia with thiopental sodium. The anesthesia was 
controlled so as to keep the respiration rate in about 20 per minute and to main-
tain scarcely recognizable wink reflex. 
A gas mixture of 10 per cent o幻，genand 90 per cent nitrogen was adminis-
tered for 20 minutes through a mouth-piece connected with an endotracheal tube 
¥Vithout rebreathing. Electrocardiographic tracings were taken just before and every 
5 minutes after the administration of the gas mixture was commenced. In addition, 
arterial blood samples for the estimation of the oxygen content were drawn from 
the femoral arter：－.’ just before and 15, minutes after the outset of the test. 
3) ScHLESINGER injection stu,dies: According to the description of ScHLESINGER,37> 
the coronar：－.ア arterieswere injected wi・.thScHLESINGER,s mass under the pressure of 
150 mm, Hg, and X-ra:-' pictures were taken after the dissection of the heart. 
As the.aluminium plate is translucent to X-ray, it w’as advantageous to investi-
gate the site of narrowing. 
4) Histopathological studies: Immediately after the completion of these angio-
graphic s~udies, the hearts were fixcrl in 10 per cent formaline solution. Gross and 
microscopic examinations were carried out in regard to the vascular and myocardial 
changes. Particularily the histological examinations of the treated sites of the 
coronary arteries were undertaken b:-・ serial sections along the course of the arteries 
in order to disclose the appearances of arterial narrowing accurately. 
RESULTS 
Out of thirty-two dogs subjected to this procedure, 5 were sa.crificed 3 to 12 
days after the operation. 1¥ny of the 5, examined in these early periods, showed 
no constriction of the vessels. 
Of the other 27 operated dogs, which were sacrificed 16 tq 56 days after the 
operation, gross and microscopic or radiographic examinations demonstrated the 
marked constriction (the cross section area reduced to less than 25 per cent of the 
original area) in 12, the moderate (the cross section area I℃Juced to 25 to 50 per 
cent of the original area) in 7, the sljght (constriction obscr’ved clearly but the 
cross section area not reduced to less than 50 per cent of the original area) in 3, 
and scarcely observable or no constriction in 5. The results are given in Table I. 
Table I. Results of Experiments with Gradual Narrowin邑・of Coronary Artery in Do邑・s
Dog Duration of Site of Intensity of Electrocardiographic Pathological 
No. Observation ~arrowing Narrowing Findings in Follow-up Findings in 
(Additional Changes Study (in Lead a VF) Myocardium 
1. 40 days 
2. 47 days 












Depression of ST 
segment 










4. 56 days Ant. desc. ( *) Destruction Elevation of ST seg・ ~~：u~~sis, 





5. 45 days Circumflex （一） Depression of ST ~~~~~sis, 
branch segment ization 
(slight) 
6. 53 days Circumflex （柵） Ventricular tachy- Infarction 
branch cardia on 10th (transmural) 
postoperatiYe day 
7. 28 days Circumflex (tit) Elevation of ST seg. う~o findings 
branch 、vithinversion of 
T wave 
8. 52 days Ant. desc. ( *) Intimal pro- Elevation of ST seg. Infarction 
branch life ration ( transmural) 
9. 40 days Ant. desc. （十件）Destruction Elevation of ST seg. Pyknosis, 
branch of arterial with inversion of Vacuolization 




10. 4.6 days Ant. desc. （惜） Inversion of T wave Patch-like 
branch 自brosis
1. ~l days Ant. desc. Cit十） Depression of BT seg. Pyknosis, 
branch Vacuolization 
12. 5l days Ant. desc. （ー ） Biphasic T wave ヌofindings 
branch 
13. . 32 days Ant. desc. （併）Thrombus for- Ventricular prrmature Patch-like 




14. 53 days Ant. desc. （ー ） No自ndings No findings 
branch 
15. 53 days Ant. desc. （榊）Intimal pro- Im・ersion of T wa¥・e Patch-like 
branch life ration fibrosis 
16. 16 days Ant. desc. （柵）Intimal pro- Increase in amplitude No findin旦・s
branch liferation 。fT wave 
17. 33 days Ant. desc. （掛）Thrombus foト Depression of ST seg. Pyknosis, 
branch mation Vacuolization 
(slight) 
18. 47 days Ant. desc. （掛〉 Depression of ST seg. Patch-like 
branch 行brosis
19. 36 days Ant. dcsc. （＋） V cntricular premature Patch-like 
branch contraction I 0th fibrosis 
postoperative day〕
20. 38 days Ant. desc. （榊）Thrombus for- Pyknosis, 
branch mation Vacuolization 
21. 38 days Ant. desc. ( +) Intimal pro- Patch-like 
branch liferation 五brosis 
2. 39 days Ant. desc. （＋） )Jo白ndings
branch 
23. 30 days Ant. desc. （一） )Ju findings 
branch 
24. 38 days Ant. desc. （＋） Patch-like 
branch fibrosis 
25. 35 days Ant. desc. （＋） Ventricular fr.~＇；：！~~~e Infarction 
branch and contraction y-( subendocarclial) 
circumfle茸 ing foci 〔）9th postopera-
branch tive day 
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27. 37 days Ant. desc. ( #) Intimal pro-
』 Jb¥
Py knosis, : '・ 
Vacuolization branch and liferation 
circumflex 
branch 
28. 12 days Ant. desc. （士〉 No findings 
branch 
29. 7 days Ant. desc. （ー）
branch 
N: ofindin邑S
30. 6 days Ant. desc. （士） Pericarditis 
branch 
31. 8 days Ant. desc. （ー ） No findings 
branch 
32. 3 days Ant. desc. （ー ） No findings 
branch 
Note ： （榊）・・Constrictionmarked, the cross section area reduced to less than 25 per cent of the 
original area; ( ＃）…Constriction mod~rate, the cross section area reduced to less than 50 
per cent of the original area; (+) .. constriction slight, the cross section area not reduced 
to less than 50 per cent of the original area; （土）.. Constriction scarcely observable; 
（ー〉・・Not constricted. 
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Fig-. 5 Electrocardiog-raphic follow-up. Comparative experiment I 
(1) Electrocardiographic studies 
In the prone position used at tracings in this experiment, lead a VR showed 
rSr’or rS pattern and lead a VF qRs constantly. Lead a VF was appointed to an 
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indicator of the electrocardiographic investigation, because the lead was thought to 
be faced always to the epicardial surface of the left ventricle. 
In al of 20 explored animals, preoperative tracings demonstrated that ST seg-
ment in lead a VF was isoelectric and T wave upward, excepting 4 animals, in which 
the depression of ST segment within the range of 1.0 mm or biphasic T wave was 
observed. 
Sinus arrhythmia was not considered to be abnormal, because it was usually 
observed in heal thy dogs.24>34> 
In the majority, depressions or elevations of ST segment and inversions of T 
wave were recorder¥ in the immediate postoperative periods. As the same findings 
were observed also in the comparatiYc experiments I and I (Fig. 5), these should 
be considered not to be originated from coronary artery narrowing but from the 
direct influence of the operation upon myocardial electricitγ，that is, possibly from 
mechanical injuries due to operatiYe procedures, from myocardial anoxemia caused 
by incomplete reexpansion of the lung or from postoperative pericarditis. In any 
wa~·. as these initial elc::trocardiographic findings usually disappeared within a 
week, they were ruled out from the following descriptions. 
Adequate postoperative electrocan1iographic follow-ups were carried out on 19 
animals, and 16 of them showed日cyeralsignificant findings, including ventricular 
premature contractions (Fig. 6), elev川ion日ordeprc出 ionsof ST sc:l,'rnent (Fig. 7) 
and inversions of T waves, each suggesting m~・ocardial ishemia. These electrocardio・
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Fig・. 6 Electrocardiographic follo¥¥ -up. i'¥o・13
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Fig. 7 Electrocardiographic follow-up. No. 18 
Table 2. Summary of Electrocardiographic Findings in Follow-up Study (in Lead a VF) 
Ventricular premature contraction ぃ・……・……・・…・…υ …・・ ・・ぃ・ ー・・…．，…… H ・ ・ 4 
No. 6・・ ・・ E ・・・ ・・ 0・・ー一…...・H ・－－－……・ on the 10th post冶perativeday 
No. 13 ・ ・・・a・・・・ ・・ ・・・・ ・・・a・ー・ ・・・・・・ ・ .. on the 20th postoperative day 
Ko. 19・・e・ー ーーー ・ー ・ー ・・・ 目・－－－－ …・・・・・・・・onthe 10th postoperative day 
l¥'o. 25・ー・・・・・・・・・・ ・ ・ー司... ・・・・・・・ . on the 9th postoperative day 
Elevation of ・ST segment with inversed T wave .…ー ・ ・・ー・・…・…－・……一一…・……………..5 
Depression of ST segment…－ .... …・・…一－.....・…・ …ー……………・・………………...・ H ・－－ 5 
Inversion of T wave ・ .. ・ ・ ……・・ ………………… …ー…… － …－ …－…………一……...・ H ・－－ . 2 
Biphasic T wave .・………………………・・…...・ H ・－ …ー ……………・…………… －……… … －－ …・…… 1 
Inc re品ein amplitude of T wave ・ ..・ H ・－……・ー..・H ・－ …γ … …・ ……・・……・…… …一 .... 1 
No finding …ー ・・・・・ ・・・・・ ・…・ー……………………… …・……・・…・・0・・u …・………ー ・ ・.・ H ・1 
graphic changes usually began to occur in the 3rd or 4th week and continued for 
2 to 3 weeks excepting premature contraction. 
Three animals which presented no significant findings through follow-up studies, 
were found to have failed in developing coronary artery narrowing. 
The findings in lead aVF are given in Table 2. 
(2) Anoxemia tests. 
Anoxemia test was performed on 7 animals. In 3 animals, which had failed 
in developing coronary artery narrowing, no changes were ob~erved in the electro• 
cardiographic pattern during the anoxemia test, though one of them presented sug-
gestive electrocardiographic fir1ding日 inthe postoperative follow-up. ・In2 animals, 
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ventricular premature contraction had been observed in the pos加perativefollow-up, 
bigeminal rhythms were provoked by the inducing anoxia (Fig. 8). In the other 
2 animals, which also presented a marked narrowing of the arteries, depressions of 
ST segment and inversions of T wave in lead V 4 were observed during the tests 
(Fig. 9). 
(3) Schlesinger injection studies. 
In 5 animals which were sacrificed 3, 6, 7, 8 and 12 days after the operation 
respectively, coronary narrowing was scarcely or not observed b.v radiography. 
On the other hand, the narrowing was evidently observed in tho~e sacrificed 
from 16 to 56 days after the operation, although its intensity was not always 
consistent (Fig, 10 and 11). 
Fig. IO Coronary angiogram ('.¥o. 16), showing 
site of narrowing with arrow. 
Fig-. 11 Coronary angiogram : ¥:o.111, showing 
site of narrowing. Stainless stel wire 
strangled coronary artery, hoisting it 
upwards from surface of heart. 
Radiographic examinations revealed that the stainle:-:s steel wire strangeled 
the artery, hoisting it upwards from the surface of the heart, so as to make kink 
at the situation. The circumflex branch was usually found to be less markedly 
narrowed than the anterior descending branch probably by reason of its loose 
attachment to the surface of the heart. 
(4) Gross and microscopic findings of the narrowed coronary arteries. 
In order to examine the treated site of the coronary arteries, the aluminium 
plates were removed after the wire loops had been cut, and cross sections were 
made at right angles to the arteries close by the wire. 
In the animals, sacrificed up to the 12th postoperative clay, coronary artery 
narrowing was not found with the naked 匂℃．
In the animals sacrificed 16 to 56 clay日 afterthe operations, the arteries were 
found to have been narrowed more or less markedly. When the vessels had been 
markedly narrowed, their cross section looked linear or sometimes spot-like, com-
pressed under a well developed granuloma. 
Microscopically, the coronary arteries were patent and looked round in their 
cross section up to the 12th postoperative day, although the arterial wall in z 
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animals undulated slightly. The circumferential tissue was edematous and infiltrated 
mainl~・同· pol:;11uclc1r leucocytes, afterwards l乃’ fibrocytes, while the overlying 
DじPSwas scarce！~· invaded b~· wandering cells up to this time. The arteries were 
not detached from the surface of the heart. 
In 22 out of 27 animals, sacrificed 
16 to 56 days after the operation, the 
coronary arteries had been narrowed 
more or less markedly. Generali ~’ spea­
king, the DCPS, having been laid be-
h,・en the aluminium plate and the 
coronarJア arteries,had turned into well 
developed granulomas mainly composed 
of macrophages. 
In serial sections, the Brteries were 
found to be detached from the surface 
of the heart, associated with their walls 
being folded and consequent narrowing 
of the lumina (Fig. 12), as the：－’ ap-
proachecl nearer the wire. A marked 
proliferation of fibrous connective tisues 
surrounded the arteries. These occluding 
t 術 i川 町、問販了，hタ ‘且.アー・ 6イデ.:Y': "・" ‘1:・'. 
自候＇・・.f旬 、三二ρ：； ヤ ？戸丸一令、
時 ・.・：.『〉ド i ，デ． 
、u，〆め’、．？二
Fig・. 12 Photomicrograph of narrowed coronary 
artery. Folding of arterial wall with 
surrounding proliferation of fibrous co-
nnective tissue (No. 7J.×50 hematoxy-
lin and eosin stain. 
changes were con白neclonly within 1加 2mm, in distance (Fig. 13a and b). 
aJ Photomicrograph of narrowed coronary 
artery （ミo.11 1, showing invasion of 
arterial "・al with 白brousconnecti、e
tisue.×50 H r-: 10E ~ HAr ~·s azan stain. 
Fig・. 13 
b1 T、町omm upstream to wire portion which 
illustrated at left photograph. ScHL邸 IN・
<>ER’S mぉsfiling arterial lumen.×50 
HEIDENHArN’s azan stain. 
In the most narrowed portion, the surrounding fibrous connective tissues had 
invaded the tunica media of the arter匂lwalls (Fig. 13 a), and moreover, in 3 
dogs, poured into the lumina of the arteries through the portion in which al the 
layers of arterial wall had been dcstro>・ecl mechanically by wire strangulation (Fig. 
14 and 15). 
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Fig・. 14 Photomicrograph of narrowed coronary 
artery (No. 9), arterial wall being de-
stroyed at its bottom and intimal prolif-
eration.×50 hematoxylin and eosin stain・ 
Fig-. 15 Photomicrograph of narrowed coronary 
artery (No. 13). Fibrous connective tis-
sue poured into arterial lumen through 
ruptured portion of wal. Lumen filed 
with immature connective tissues with-
holding several holes. x 50 hematoxylin 
and eosin stain. 
Intimal proliferation was found in 7 animals. In an animal, the internal elastic 
membrane had been ruptured at several portions, associated with the lumen filled 
with the immature connective tissue, withholding several holes through which blood 
circulation was partially maintained (Fig. 15). That was thought to be the early 
state of recanalization of thrombosis. On the other hand, organized thrombi attached 
to the arterial wall were found in 3 animals (Fig. 16 and 17). 
Fig. 16 Fig. 17 Photomicrograph of narrowed coronary 
artery, showing the organized thrombus 
attached to the arterial wall. x 50 he-
matoxylin and eosin stain. 
In 4 out of 5 animals in which arterial narrowing was not found, granulomas 
had poorly developed and changed into abcess, associated with insignificant fibrocol-
lagenous reaction. The remaining one was that in which circumflex branch was 
dealt with. 
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(5) :Microscopic findings in myocardium. 
Extensive myocardial infarction discernible to the naked eye was found only 
in 3 out of 27 dogs. All of these 3 dogs showed a marked narrowing of the 
coronary arten≫ accompanie:l. with thrombus formation in one of them. A narrow-
ing of rapid progression might have taken place in the earヤ period.
The most interesting finding encountered in our experiments appeared to 
be patch-like fibrosis in myocardium (Fig. 18). This was found in 6 dogs and 
¥Fig. 18 Photomicrograph of myocardium, show_ Fig・. 19 Photomicrograpl】ofmyocardium, show-
' ing patch-like fibrosis.×200 hematoxy- ing vacuolization of muscle白bres.Som巴
lin and eosin stain. fibres showing complete replacement 
with vacuoles in middle and middle 
right.×600 hematoxylin and eosin stain. 
usual！γdominant in the inner la~·crs of the anterior walls of the left ventricles 
supplied with blood from the treated coronary arteries. Degenerated muscular 
fragments with P>・knosis were occasionally found. All the animals which presented 
these findings were found to have succeeded in producing a severe narrowing of 
the coronar;-・ artcricメ. This patch-like白brosisresulted presumabl~· from myocardial 
focal necrosis. 
Concerning another point of observation, vacuolization and pyknosis in muscle 
fibres (Fig. 19) associated with interstitial edema were observed in the portion 
supplied with blood from the narrowed coronan’arteries. 
In the portions where these degenerative myocardial changes were not so 
marked, the dilatation of interstitial capillaries was found frequent！γ． 
However, there was an animal (No. 16), in which myocardial changes were 
scarcely observed in 叩iteof the marked narrowing of the coronar~・ artery.
REPRESENTATION OF SEVER.AL CASES 
No. 4: DCPS was applied to the anterior descending branch of the left coronary 
artery with a piece of stainless steel wire. Electrocardiographically T wave in lead 
I, II and aVF became biphasic or flattened after the 26th postoperative day. 
Sacrificed on the 56th postoperative day, the anterior descending branch was found 
句 becompressed beneath the granuloma, its wall destroyed b；－’ fibrous connective 
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tissue invasion. Myocardium presented severe vacuolization and pyknosis of muscle 
fibres, some fibres showing complete replacement with vacuoles (Fig. 19). The 
proliferation of the connective tissue in myocardium was not observed. 
No. 9: DCPS was applied to the anterior descending branch with 2 pieces of 
wire. Electrocardiographically, T wave in lead aVF became flattened after the 
19th day, then turned biphasic with the elevation of ST segment on the 43rd day. 
Sacrificed on the 48th postoperative day, the artery looked linear in the cross section 
beneath the well developed granuloma. 
Histologically, the destruction of 
the arterial wall, fibrous connective tis-
sue invasion into the lumen, and 
remarkable intimal proliferation were 
found at the treated site (Fig. 14). 
Mvocardium was found to be dotted 
with muscle fibres which were 
stained stronger by eosin and revealed 
indistinct striation, mainly in the an-
terior wall of the left ventricle (Fig. 
20). Vacuolization and pyknosis were 
also marked. 
Fig-. 20 Photomicrograph of myocardium, some 
It was thought in these 2 animals muscle品resshowing stronger eosin-
that coronary artery narrowing had staining and indistinct striation. x 600 
advanced with the invasion of arterial hematoxylin and eosin stain. 
lumina b: fibrous connective tissues at the site where the arterial wall was me-
chanically destroyed by the continuous compression with stainless steel wire. 
No. 11: DCPS was applied to the anterior descending branch with 2 pieces of 
wire. Electrocardiographically, ST segment depression in lead aVF was observed 
from the 31st postoperative day, and concurrently the exercise ability of the dog 
was so marked！~， reduced that the dog became unable to run even 500 meters. On 
the 41st postoperative day, the dog suddenly expired during the intravenous injection 
of 1.5 per cent solution of thiopental sodium for anoxemia test. Postmortem in-
jection study and microscopic examination revealed that the anterior descending 
branch had been severely constricted (Fig. 11). Histologically, the artery was 
severe！）・narrowedat the site of wire, hoisted upwards from the heart surface, with 
the proliferation of the fibrous connective tissue and its invasion into the tunica 
media of the arterial wall (Fig. 13 a). The remarkable vacuolization and p~·knosis 
of muscle fibres were fo山1din the apical portion of the heart. 
It was supposed from these observations that the animal was killed hァ ven・
tricular fibrillation due to the “Trigger Mechanism" of BEcK, that is, respirator~· 
depression caused from thiopental sodium anesthesia had provoked ventricular fibril・
lation through the aggravation of myocardial anoxemia or ox~・genation difference 
which had alread~ア reached its critical point with the progression of coronary artery 
narro羽ring.
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No. 13: DCPS was applied to the anterior descending branch with 2 pieces of 
wire. Postoperative electrocardiographic tracings showed the normal pattern up to 
the 14th day. On the 20th postoperative day, ventricular premature contraction 
occurred and continued for less than 5 days (Fig. 6). ST segment depressions in 
lead a VF remained thereafter. On anoxemia test, performed on the 31日tpostopera-
tive da~· ， bigeminal rhythm was provoked ten minutes after the administration of 
gas mixture was commenced (Fig. 8). Postmortem injection study showed a !:'evere 
narrowing of the artery. Histological examination demonstrated that the fibrous 
connective tissues around the treated site of the artery had invaded the arterial 
wall and, furthermore, poured into the arterial lumen through ruptured internal 
elastic membranes. The lumen had been almost entirely filed with immature 
connective tissues, withholding several holes for maintaining blood circulation (Fig. 
15). In myocardium, t~·pical patch-like 的 rosiswith m’knosis and vacuolization of 
muscle fibres were observed (Fig. 18 and 19). 
It was presumed from these observations that coronary arter＞’ narrowing had 
progre回edrapidly with thrombus formation about 20 days after the operation and 
broken the equilibrium between oxygen needs and its supplies in myocardium with 
the resultant ventricular premature contraction and patch-like fibrosis. 
No. 18: For the purpose of strengthening the hoisting effect of stainless steel 
wire, the anterior descending branch was fixed to rn.rncardium with a silk suture 
at the site of the wire; the silk suture was laid down so as句 crossthe wire and 
to make a slit composed of silk and wire through which the arter；，’ passed. Electro-
cardiographic tracing日 showedST segment depressions in lead I, III and a VF from 
the 18th postoperative day (Fig. 7). On anoxemia test, performed on the 47th <la;,•, 
complete inversions of upward T wave in lead ¥' 4 were observed 15 minutes after 
the onset of the test (Fig. 9). Schlesinger injection study and histological exami-
nation demonstrated that the coronary artery had not been hoisted by stainless steel 
wire, as intended, but that the arterial wall had been folded remarkablγwith the 
consequent narrowing of the lumen. The surrounding proliferation of connective 
tissues wa日 prominent. Patch-like fibrosis and m・knosisin m.n>cardium were found 
in the sulJendocardial region of the anterior wall of the left ventricle. 
No. 12: This is an example of unsuccessful cases. Two pieces of wire were 
used for applying the DCPS to the anterior descending branch. Postoperative！γno 
significant findings we1℃ found electrocardiographicallγup to the 31st day, when 
T wave in lead I, III and a VF became isoelectric or biphasic, though the downward 
deflection of the biphasic T wave remained within lmm in depth. On anoxemia 
test, performed on the 51st postoperative da>・, the electrocardiographic pattern was 
absolutely unchanged during the test. Postmortem injection study and histological 
examination failed to show arterial narrowing. Granuloma had developed poorly. 
}Iyocardial degenerative changes were not found. 
As the animal had been lean, suffering from diarrhea and vomitting before and 
for about 2 weeks after the operation, it was supposed that undernourishment had 
caused the granuloma not to develop largely enough to occlude the coronan・ artery. 
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DISCUSSION 
Although many investigators had tried to use dicetyl phosphate or a type of 
cellophane for the purpose of the gradual occlusion of the coronary artery, yet al 
the trials田emto have been futile up句 thistime. 
As described before, many investigators unreasonably expected that the coronary 
arteries would be occluded through the cicatricial shrinkage of the fibrous connective 
tissue produced by dicetyl phosphate or the cellophane. Actually, as illustrated by 
our own investigations, dicetyl phosphate does not yield enough fibrocollagenous 
tissues to constrict the arteries, but produces voluminous granulation tissue. That 
is a reason for the futilitY. 
On the other hand, it seems. equally illogical to expect the growing granuloma 
may compress the coronar~・ artery directly when produced within a metal cylinder. 
Capillary pressure is always lower than arterial pressure in the same being, 
and accordingly, it is always the capillary vessels of the granuloma and not the 
arterial vessel that are obliterated when the growing granuloma and artery are put 
in such a limited sp抗eas a metal cylinder. In other words, in those circumstances, 
the granuloma does not grow enough to compress the arterial vessel, because the 
pre回ureatrophy of the granuloma is brought about before the arterial vessel is 
compressed. 
As a matter of fact, NEUMANN et al.32' reported that the injection of dicetyl 
phosphate into the adventitia of the coronary artery, combined with the encirclement 
of the artery with a 1 cm metal band, had not brought forth a sufficient白brous 
tissue to cause the constriction of the artery. 
In the device introduced here, it was intended to utilize the expansile power of 
the growing granuloma produced by dicetyl phosphate efficiently. As the aluminium 
plate and stainless steel wire are able to be considered郎 arigid加dy,the expansile 
power of a growing granuloma received at the inner surface of the aluminium 
plate is transmitted wholly to any point of the wire and, of course, to the limited 
portion where the wire comes in contact with the arterial wall. At that portion 
the transmitted expansile power is able to exert a hundredfold or more multiplied 
strength per area upon the arterial wall and to hoist and kink the coronary artery 
against the arterial pressure and al the resistances of the arterial wall. In this 
way, the coronary artery is bent and narrowed at the wire portjon, because the 
artery is hoisted with the wire while it is left to be fixed under epicardium up・ 
stream and downstream to the wire portion. In these conditions, the more markedly 
and the more limitedly the coronary artery is hoisted, the sharper the bending of 
the artery and the severer the resultant narrowing becomes. Accordingly, it s田ms
more advantageous for the development of narrowing to confine the extent of 
dissection of the artery within a possibly short distance when the vessel is dissected 
for encirclement with wire. 
With the circumflex branch of the left coronary artery, marked narrowing had 
not been obtained as compared with the anterior descending branch, because it was 
usually lying within loose subepicardial fat which resulted in the less e自cient
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hoisting of the circumtlex branch. In order to get a more efficient hoisting of the 
artery, it seems advantageous to attach the ¥'esel with silk suture to the myo・
cardial surface just near the wire portion. This attachment of the artery was done 
in No. 18 and No. 19 with excellent results. 
After al, as the first step to success by this method is to make a huge and 
solid granuloma, malnutrition or local infection with the resultant undergrown 
granuloma appears to be the main cause of failure. 
While such morphological changes of the coronarγ arteries as hoisting and 
bending are the primai下 factorin the development of the narrowing of the artery, 
it is foliowed secondarily b~－ organic changes in and around the wall of the artery. 
Fibrous connective tissues proliferate abundantly around the coronary artery, and 
furthermore, the~’ invade the wall and lumen of the vesel through the portion 
where the arterial wall has been destro~· ecl bγcontinuous compression with wire. 
Intimal proliferation and thrombus formation can develop concomitantly. In this 
way, the coronar~· arter~· narrowing which has developed at first mere！~’ through 
mechanical compression, appears to be maintained or advanced by these secondary 
organic changes of the arterial wal. 
The term of 
is a disproportion b巴twe巴nthe ox ~·gen need of the heart and the oxygen supply旬
the heart. While coronar~· artcr~· narrowing is usually one of the most important 
causes of coronary insufficienc~· . coronar~・ artery narrowing, in itself, is not to be a 
synonym of coronary insufficiencγ. ¥Vhen coronary artcr ~· narrowing develops more 
slowly, intercoronary collaterals act and alleviate the disturbance of coronary blood 
flow, and consequent！~· the state of coronary insufficiencJ.ァisoften not brought about 
even in case of the complete occlusion of a main branch of coronars’arteries.7' 
In our experiments, most of the animals which presented significant findings 
in the ele::trocardiographic follow-up, demonstrated a distinct narrowing of the 
coronary arter:;, and those with no finding usually did not. However, several cases 
did not prese日tan~· significant electrocardiographic finding in spite of the marked 
narrowing of the coronary arten・ (No. 11 and No. 16). These seem to be the 
examples in which the suficient development of collaterals had compensated for 
the circulatory di日turbances of coronarγblood flow. Though these compensated 
animals had got free of severe m>・ocarclial damages，“Coronary Reserve”， the margin 
6f safet~· . must haγe been decreased sつprofoundlythat once such an extraordinary 
condition as anoxia or increased cardiac work necessitates total coronary flow in-
crease, the disturbing e百ectof arterial narrowing叩閣 possibl~’ becomesdistinct, followed 
J)¥・ acute coronan・ insufficienc ~· . 
Based on these considerations, anoxemia test2'28'39' was performed ori several 
animals. Al of the 4 animals, in which postmortem examinations showed a severe 
narrowing of the coronar~’ arteries, presented remarkable alterations of the electro-
cardiographic pattern after inducing anoxemia. Contrary to these, none of the 
other 3 animals 、whichhad failed in developing coronary artery narrowing presented 
any alterations during anoxemia test. It is very intE;!r'ilsting that anoxemia test 
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fel into negative in the animal (No. 12) which had shown a suggestive biphasic 
Twave in lea!l a VF from the 30th postoperative clay in spite of having failed in 
developing coronary artery narm＼九ring.
羽Tetried the test on the 2 dogs in which the anterior descending bran.ch had 
been ligated in one stage a month before and infarction curve observed in lead V 4.
These dogs did not show any alterations of the electrocardiographic pattern during 
the tests. 
These results of anoxemia test seem to suggest that the test is an efficacious 
diagnostic method also in experimentally produced coronary insufficiency in dogs. 
In 6 animals myocardial patch-like fibrosis was found in the territories of the 
narrowed coronary artery. The narrowing of the artery in these anim:i.ls was 
alwa~·s severe in degrees, associated with distinct electrocardiographic findings. 
Nowadays，“Disseminierte Parenchyrnnekrose”described b~’ BucHNER8>9> is ac-
knowledged to be the morphological aspect of coronarγinsufficiency. The 下atch・like
白brosisin our experiment is thought to be its sequel. When blood supply through 
the narrowed coronar~· arter:rア becomesunable to meet the oxygen need of myo・
cardium for a certain duration, which may happen in the time of rapid progression 
of narrowing or increased cardiac work, myocardial muscles are destroyed irreversibly 
to form the disseminated necrosis which in turn develops into the patch-like fibrosis. 
In our experiments the animals were kept in a limited space of the kennel and 
not forced to exercise. If the animals had been loaded with appropriate exercise, 
the patch-like fibrosis might have been obtained more frequently. 
In the other animals, while they did not show those distinct myocardial 
findings, vacuolization31>3s> or pyknosis in muscle fibres was observed in the majority, 
indicating myocardial hypoxia. 
SUMMARY AND CONCLUSIONS 
(1) A new method for the gradual narrowing of the coronary artery was 
described. The coronar~’ artery was constricted gradually with the growing granu-
loma produced by dicet~·l phosphate with the aid of loops composed of an alumini-
um plate and stainless steel wire. 
(2) An）’ of the five dogs which were subjected to this procedure and sacrificed 
within 12 days showed no constriction of the coronary artery. 
Out of the 27 operated dogs, examined 16 to 56 da）’S after the operation, 12 
shO＼＼吋 themarked constriction (the cross section area reduced to less than 25 per 
cent of the original area), 7 the moderate (25 to 50 per cent of the original area), 
3 the slight (up to 50 per cent of the original area) and 5 scarcely observable or 
no constriction. 
(3) The nan・（）＼γingof the coronary artery is brought about at自rstby the 
external compression of the vessel with stainless steel wire, then maintained or 
advanced by the secondar:rァorganicchanges of the arterial wall, including encircle-
ment and invasion of the arterial wall with the fibrous connective tissue, intimal 
proliferation and thrombus formation. 
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( 4) l¥fo日tof the dogs of which the coronary arter.¥・ was narrowed scverel~·. 
presented the electrocardiographic findings similar to the clinical picture of coronary 
insu fficienc ；－’ in human beings. Histological examinations demonstrated patch-like 
fibrosis, vacuolization and pyknosis of muscle fi世田 inthe portion of myocardium 
supplied with bloocl from the narrowed coronary arter~－. These findings are thought 
to be suggestive of m::ocardial ishemia. 
(5) The methoJ for producing experimental coronar~＇ insufficiency described 
in this paper, seems to be one of the most excellent to repro〔lucethe clinical pictu-
res of the disease and recommendable because of its easiness in technique and high 
percentage of success. 
The author wishes to thank Prof. Y. Ao>AOI, Director of the 2nd Surgical DiYision, Kyoto Uni-
versity Medical School, for valuable advices and criticism. 
The author is indebted also to Prof. S. Kunichika and Dr. S.OK~ of the Institute for Chemical 
Research, Kyoto University, for their help in preparing-dicetyl phosphate used in this research. 
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侵入 tFi宮.13 al, 一方内膜の肥厚p 血栓の形成等の
器質的変化が二次的に加わることによって（Fig.11, 
15, 16, I Tl，この狭窄が維持され，又は促進されて行く
ものと考えられる．
(7）以上の如し我々が作成した漸進的冠動脈狭窄
犬は人間に於ける冠不全の臨床像をよく現出しており
しかもこの作成技術は容易で成功率は凡そ80%を示し
1ヵ月内外の短期間で冠狭窄が略完成するのも今後
冠不全に関する実験的研究を進める上に極めて有利な
方法と信ずるものである．
